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CONA.NT-'BROO_K DAM AND RESERVOIR

SITE GEOLOGY

JULY 1963

'A. DESCRIPTION OF PROJECT

1. 'The Conant Brook Dam and Reservoir project is located ap-
proximately two miles .south of the town of Monson, Massachusetts,
As shown on the General Plan and Reservoir Map, Plate No. 6-1, the
project consists of an earth and rockfill dam approximately 1050 feet
in length, with a maximum height of 85 feet above streambed. A con-
crete ogee spillway, 100 feet in length and a 36-inch diameter, ungated
conduit are located on the right bank. A low earthen dike approximately
980 feet long, with a2 maximum height of 14 feet above the stream, will
be constructed along Munn Road at the upper end of the reservoir. Also
included is the replacement, by wells or a storage pool, of that portion
of the Monson water supply presently coming from two dug wells located
in the‘prqposed reservoir. Based on an exploratory program currently
in progress, preliminary indications are that the required volume of
potable water can be developed from a subsurface source,

B. GENERAL TOPOGRAPHY AND GEOLOGY

2. The area drained by Conant Brook and its tributaries is located
in the western part of the Worcester plateau in a region of moderate
relief. In general, the land surface lies between 500 and 1000 feet in
elevation and is characterized by broad, steep-sided hills and poorly
drained valleys, The topography is controlled largely by the underlying,
folqed and much altered, crystalline bedrocks, modified by glacial and
post-glacial erosion and deposition. During the waning stages of the
'glac';ial period, as the ice front retreated across the region, the land

‘gurface wag much altered by intermittent cycles of erosion and deposi-
tion resulting from an irregular and oscillating ice margin. The over-
burden materials are, therefore, commonly interlayered, variable in
origin and composition, and with contacts which are often gradational.

In the floor and along the sides of the major valleys, the materials are
pre,éent as remnants of morainal debris, kame features, eskers, out-
wash and lake sediments. In general, these materials occur below eleva-
tion 600 feet but are present locally to an elevation of over 800 feet.

Above these deposits, and in the smaller valleys, the slopes are blanketed
with glacial till through which the bedrock outcrops rather extensively at -
the higher elevations.



C. DESCRIPTION OF SITE

3. Dam Site. Conant Brook enters the project area from the east
and at the damsite is flowing in a narrow valley, the wooded slopes of
which rise sharply from a small flood plain. Downstream of the project
centerline, the flood plain is occupied by the extremity of a small water
supply reservoir. The left or south abutment is formed by a large,
steep-sided, glacial till and bedrock hill rising to a height of some 175
feet above the river, - Bedrock is exposed high on the east flank of the
hill but lies deeply buried in the abutment area. The right or north
abutment feature has a somewhat gentler slope which rises to 2 height
of about 100 feet above the river. This abutment is bedrock controlled,
with outcrops present above elevation 750 feet and along the river bank
at elevation 690 feet. Elsewhere on the right abutment overburden is
relatively thin, The floor of valley, which is occupied by thick deposits
of glacial and glacio-fluvial materials, is approximately 150 feet in
width af the project centerline. '

4, Dike Site,;” The proposed dike is located approximately done wmile

- upstream of the damsite, where Munn Road crosses the valley on a low
drainage divide having a crest elevation of approximately 750 feet. At
this point the valley floor is some 1000 feet in width and is choked with
large amounts of morainal debris and glacio-fluvial materials. Remna.nts
of these materials, the surfaces of which stand slightly above the general -
level of the valley floor, lie along both sides of the valley and will form
the abutments for the proposed dike. The central portion of the valley
floor in this area is occupied by a rather extensive swamp.

D, SURFICIAL AND SUBSURFACE INVESTIGATIONS

5. Previous Investigations, Geologic reconnaissance and nine founda-
tion explorations comprising five borings, three test pits and one test
trench were made by the Corps of Engineers in 1958 for preparation of an -
interim survey report entitled Chicopee River Basin, Massachusetts.

6. Current Investigations, Forty-nine foundation borings, supple-
mented by detailed geologic reconnaissance and mapping, were completed
by the Corps of Engineers for final design. Thirty-two of these borings
were made at the damsite during the period July - December 1963, Bed-
rock data developed by the borings in the spillway area revealed that the
most desirable foundation conditions for siting of the spillway were just
downstream of the initially proposed siting. Accordingly, the dam and
spillway alignments were adjusted to take advantage of this condition,




- During the period February - April 1963, fourteen additional borings
were made to develop detailed information at the new spillway location,
discharge channel and outlet works, At the same time three borings
were made at the dike site.

7. The locations of all of these explorations are shown on the Plan
of Foundation Explorations, Plate No, 6-2. All borings were made by
‘continuous drive-sampling methods in overburden and, where encounter-
ed, bedrock was diamond-drill cored wif;h NX {2-1/8" diameter core)
bits and maximum recovery type core barrels, Hydraulic pressure test-
ing of the rock was conducted in borings at structure locations and on the
right abutment where the embankment cut-off will extend to rock. Detailed
classification and description of materials encountered in all foundation
explorations, and all pressure test data are shown on the Records of
Foundation Explorations, Plate Nos. 6-6 through 6-9.

E. FOUNDATION CONDITIONS

8., Damsite, Bedrock is present at shallow depth throughout much

. of the right abutment beneath a generally thin cover of glacial and glacio-
flavialimaterials through which it outcrops locally. The rock surface
dips steeply beneath the valley floor where it is overlain by a substantial
‘thickness of glacial till, outwash and lake deposits. In the left abutment,
it is buried beneath a thick deposit of glacial till. Exploratbry data re-
vealed ‘extensive interlayering of overburden deposits, considerable
1nterm1xmg of materials, much discontinuity of individual layers and an
a.ssoma.ted variability in the vertical sequence.

9. Overburden. While foundation conditions relative to the over-
burden materials do not appear to present any unusual engineering prob-
~lems; they are difficult to describe. This is particularlytrue of the
deposits in the valley floor which are thick, interlayered'and frequently
intermixed along the contacts. This condition makes both vertical and
horizontal correlation difficult, as well as the establishment of relation-
ships between materials in the valley floor and those in the abutments.

10. Overburden materials on the right abutment consist principally
‘of loose to compact, locally sorted, variably silty sands and gravels with
numerous cobbles and, in some places, éef:tioris of occasionally stratified
fine sands and silt. These materials differ locally in mode of origin,
but because of intermixing along many of the contacts, ‘differentiation is
difficult. They can, therefore, be best tréated generally as one unit.
These materials range from a few feet to over 25 feet in thickness and
average 10 feet, with maximum accumulations occurring near the toe of



the abutment upstream of the survey base line and at the lower end of
the spillway discharge channel. Generally speaking, the materials
which overlie bedrock and, which constitute the surface materials down-
stream of the survey baseline, are considered to consist of till and till-
like deposits. Upstream of the baseline, these materials are overlain
by some 10-feet of materials considered to be outwash, principally
because they are somewhat sorted, less silty and contain sections of
relatwely clean sa.nd and gravel

11, Materials in the valley floor are srmﬂa.r to those descnbed
above but with the addition of lake sediments and limited amounts of
recent alluvium. These materials range from 25 to over 50 feet in
thickness and average 40 feet, with maximum accumulations occurring
along the left or south side of the valley, In the area downstream of the
survey base line, the materials consist principally of two layers or zones
of till, separated by some 10 feet of relatively clean sands and gravels,
with cobbles and boulders. The till in the two zones is similar in com-
position, consisting of silty gravelly sand with cobbles. However, the
lower till is compact and bouldery while the upper is relatively loose
and free of boulders. The surface of the sand and gravel interlayer lies
between 15 and 20 feet below ground surface in this area. In the area
upstream of the survey base line, correlation is more difficult and the
sequence less defined, varying markedly from boring to boring. The
sequence of materials described above is traceable upstream to the
vicinity of boring FD-23. At this point, however, the interlayer is only
5 feet thick and includes stratified silt-and sand, while the lower till is
somewhat clayey. Furthermore, the entire sequence is underlain by
some 18 feet of lake sediments which consist of layers of silt, silty fine"
sand and silty sand and gravel in descending order. To the north or
riverward, the upper till is missing and the lower till, which rests on
bedrock, is overlain by some 10 feet of relatively clean outwash sands
and gravels. Upstream or easterly, the sediment sequence persists but .
thins, the tills disappear and are replaced by outwash materials which
increase to some 20 feet in thickness.

12, Overburden materials on the left abuimisdt consist entirely of

glacial till ranging from 15 to over 80 feet in thickness and averaging

45 feet, with maximum accumulation occurring in the vicinity of boring .
'FD-31. These materials consist principally of gravelly silty sand with
occasional seams of silty fine sand and numerous cobbles. On the upper.
abutment the top 10 to 15 feet is brown in color, moderately compact ‘
“and quife sandy, with occasmna.l layers of silt-and clay. Below this depth,
and throughout the full depth in the lower abutment, the material is gen-'
erally grey in color, compact to very compact, and locally clayey and
bouldery. '



13. With respect to the overall picture, it appears that a continuous
layer of glacial till overlies bedrock across the entire site at the project
centerline, Secondly, the sand and gravel interlayer, resting between
the tills in the valley floor, fingers into the right abutment materials, is
cut off sharply along the left or south side of the valley floor and tapers
‘out-upstream, disappearing completely somewhere between the survey
baseline and the upstream toe of the dam, Thirdly, there is a depres-
sion or trough in the bedrock surface, trending roughly east-west along
a line through FD-7 in the valley upstream of the dam and FD-31 on the
lower left abutment. Finally, extensive outwash deposits, capped locally
by alluvium, constitute the surface materials over much of the valley
floor and right abutment upstream of the survey baseline,

14. Bedrock. Bedrock in the site area consists of 2 much injected
and altered garnetiferous mica schist, characterized by rather exten-
sive surface weathering. The attitude of these rocks, determined from
outcrops, shows an apparent strike of North 17 to 22 degrees west,
approximately normal to the river, and a foliation dip ranging from 40
to 85 degrees west, roughly downstream. In general, the rock surface,
which is rather irregular, dips southerly behind the face of the right
abutment, and under the valley floor, then rises again behind the left
abutment. Quite generally the rock is typified by a locally contdrted,
highly variable, thin foliation, many of the planes of which are filled with
stringers and veins of quartz and feldspar. Small pods or phenocrysts of
feldspar are also common throughout much of the rock. In a few places,
there is evidence of granitization with, in a few instances, some semblance:
of gneissic structure.

15, Structurally the rock, except for the top 5 to 10 feet, is gener-
ally hard and sound though closely jointed and variably fractured, Figure
1 shows typical cores of sound rock. For the most part the top 5 to 10
feet is highly jointed and fractured, variably open with some silt filling,
and moderately to severely weathered. Below this zone weathering is
generally confined to open joint and fracture planes and foliation partings.
Slickensiding, rock gouge and secondary mineralization characteristic.of
slippage or movement, was observed in the cores from borings FD-35
near the conduit intake structure, FD-28 and FD-29 in the spillway approach
channel and FD-17 and FD-21 along the outboard side of the spillway dis-
charge channel. While this appears to be a localized condition in the two
downstream holes, there may be a shear zone extending along, a line be-
tween FD-35, and FD-28 and FD-29, which line roughly parallels the
strike of the foliation of the rock, Detailed descriptions of cores are given
on the Records of Foundation Explorations, Plate Nos., 6-6 through 6-9 and
Geologic-Log Sections, Plate Nos, 6-3 through 6-5, '
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16, Hydraulic pressure testing was conducted in borings at struc-
ture locations and along the right abutment portion of the survey base-
line. Water losses on the order of 5 to 15 GPM at pressures of 10 to
20 psi were recorded to depths of up to 20 feet below the bedrock surface,
indicating a rather open condition in this zone., Below the top 20-foot
zone, losses were negligible or nil at 30 to 50 psi. Zones tested and the
losses recorded therein are graphically shown on the Records of Founda-
tion Explorations, Plate Nos, 6-6 through 6-9 and Geologic-Log Sections,
Plate Nos, 6-3 through 6-5.

17. Dike Site. Overburden deposits at the dike site are comprised
principally of glacial outwash which occupies most of the valley floox.
Adjacent to the stream, the materials consist almost entirely of moder-
ately clean to clean medium to fine sands to a depth of over 40 feet. At
the top of these sands is a 1 to 7 foot thick section of clean gravel which
is overlain by some 6 feet of swamp deposits consisting of peat, sandy
organic silt and silty sand, To the north, where the ground rises slightly,
the materials become gravelly throughout, and the surface material is
litmited to fine sandy silt, The north or right end of the dike will tie into
the face of a 10 foot high remnant of outwash sands and gravels, while the
south or left end will tie into an esker feature composed of dirty sands
‘and gravels.

F. SUBSURFACE WATER

18, Levels of subsurface water were observed in many of the bor-
ings during drilling operations and are indicated by symbol on the Records
of Foundation Explorations. Levels in and adjacent to the valley floor
occur in the overburden, at or slightly above the level of the river, In
the right abutment the levels are somewhat variable, In the outwash area
upstream of the centerline, levels occur generally in the overburden up to
approximately elevation 755 feet. Above this elevation they are either
close to o» slightly below the bedrock surface. Downstream of the center-
line, the levels occur generally at depths of 10 to 15 feet below the bédrock
surface. No true levels of subsurface water were established in the gla-
cial till in the left abutment.

G, RESERVOIR LEAKAGE

19. A permanent storage pool is not presently contemplated as a part
of this project. The flood control reservoir is nearly surrounded by mas-
sive till and bedrock hills through which leakage is not anticipated. Both
spillage and leakage will occur at the easterly extremity of the reservoir,
however, through a low drainage divide. This will be controlled by the
construction of a low earthen dike across the divide, Some leakage will



occur through the overburden and upper 10 to 20 foot zone of highly
jointed and fractured rock beneath the dam and appurtenant structures,
This will be controlled by a cut-off trench through the overburden on
the right abutment and across the valley floor, supplemented by area
and curtain grouting in the rock,

H, CONSTRUCTION MATERIALS,

20. General., The proposed embankment for the dam will consist
of compacted impervious fill upstream and random fill downstream,
composed of glacial till materials from borrow excavations. The im-
pervious material will be blanketed with rock fill and the random with
protection stone, both of which will be obtained from required excava-
tions, Gravel bedding and internal drainage features consisting of a
wick, downstream drainage blanket and trench, will be constructed of
pervious materials to be furnished by the contractor. An upstream
cut-off and grout curtain will provide additional seepage control. The
proposed embankment for the Munn Road Dike will be topsoiled and
seeded, and will consist entirely of random material obtained largely
from required excavation.

-2I. Impervious and Random Materials. Materials suitable for the
construction of the impervious and random sections of the dam, and the
relocated Wales Road, are available in required quantity from a borrow
area established above the height of dam on the left abutment as.shown
on the General Plan and Reservoir Map, Plate No, 6-1. These mater-
ials comprise a variable deposit of glacial till which can be divided
into two zones, upper and lower, based on the composition and degree
of compactness., Figure 2 shows an excavated section of the glacial
till. The 7. to 10 foot thick upper zone consists of brown to gray, grav-
elly silty sand with numerous cobbles. The upper material will be used
to construct the random fill sections of the embankments. The lower
zone, which is 10 to over 30 feet in thickness, consists prinéipally of
gray, compact to very compact, silty medium to fine sand, with occa-~
sional sections of gravelly silty sand and cobbles. This material will
be used to construct the impervious fill section of the dam embankment,
From observations made in an exploration test trench, and in observa-
tion wells over a period of 6 months, it appears that the subsurface
water level in this area varies from 10 to 30 feet below ground surface
following the slope of the hill. Some water is also believed to be perched
on the top of the lower zone of the till, The hillside position of the area
will facilitate drainage during excavation, ' :

22. Pervious Materials. All pervious materials required for construc-
tion of the internal drainage features of the dam will be furnished by the
contractor. Adeguate supplies of suitable materials are available from a

7
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number of undeveloped and commercial sources within a 2 to 10 mile
radius of the project.

23, Rock Fill. Rock from required excavation will be generally
suitable for construction of rock fills and for slope protection, Total
rock excavation quantities are large enough, to assure the availability
of the required volume of suitable rock. Perhaps some 5 percent of
the excavated rock will be unsuitable for use in embankment construc-
tion, most of which will come from the highly jointed and fractured top
10 feet, and from slabby fragmentation due to foliation breakage. The
close jointing and fracturing prevalent in much of the rock, should pro-
duce a fairly well graded material. A bulking factor of approximately
30 percent is assumed, with some reduction from handling, trafficking,
and from stockpiling and rehandling. :

24, Concrete Aggregate. An estimated 3000 cubic yards of con-
crete will be required for spillway, walls and conduit. In view of this
small volume of concrete, aggregates will be obtained commercially
by the contractor. Complete data on available sources and tests on the
materials are contained in Design Memorandum No. 4, Concrete Aggre-
gates, Dated November 1962,

I. CONCLUSIONS AND RECOMMENDATIONS

25. In the formulation of these conclusions and recommendations,
full consideration is being given to all geologic factors bearing on exca-
vations, foundations and leakage. Materials suitable for use in construc-
tion of the major portions of the dam and dike are available from required
excavations and from a borrow area established on the upper left abutment
at the dam. Special materials for the drainage features of the embank-
ments and aggregates for concrete will be obtained from commercial
sources, '

26. In accordance with established practice of the Division, a digest
of geologic factors pertinent to the design and construction of the project
will be furnished to field construction personnel for information, guidance
and instruction for the work. This digest will point out the availability of
geology personnel for field consultation, at the outset and during major or
critical excavations and grouting operations,

27. A closely spaced joint and fracture pattern, particularly in the
variably weathered top 10 to 15 feet, and a thin, westerly dipping folia-
tion, are the most significant characteristics of the rock in the project
area. These characteristics will greatly influence ultimate excavation
slopes and extent of grouting required for seepage control. In general.

8
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excavation lines will intersect the structural trend of the rock at an
angle of approximately 50 to 70 degrees. Extreme care will be re-
gquired in excavations along the southerly or outboard side of the spilli-
wavy cut, particularly in approach to foundation grade for the concrete
gravity wall. Rock cuts along the right or landside of the spillway will
average slightly less than 20 feet in depth, and about 10 feet on the out-
board side. Due to the shallowness of cut, much of the excavation '
generally, and all of it along the outboard side, will be in the zone of
badly fractured and variably weathered surface rock, Unavoidable over-
break is to be expected in this zone. Because of this generally poor
condition of the surface rock encountered in spillway explorations,
further study of the spillway channel and weir is being made. Rock

cuts for the conduit will average less than 7 feet in depth, and from the
intake structure downstream for some 150 feet to about Station 5400,
will be only 2 to b feet, At the location of boring FFD-41, sound rock
occurs about one foot below conduit invert elevation, Some sub-invert
excavation and concrete backfill will be necessary in the first 150 feet
and preservation of side slopes in this reach is not possible. Down-
stream of this area preservation of side slopes, including in part the
outboard side, will be possible.

- 28. Overburden and loose rock will be removed for a distance of
10 feet back from the face of all rock cuts as a general safety measure.
Thorough scaling will be required on all rock faces, and safety mesh,
fastened with rock bolts, will be used where applicable and necessary.

29. The specifications will require that the contractor perform
trial excavations in short sections of the conduit and spillway to deter-
mine plans of drilling and blasting best suited to preservation of side
rock, and also to production of backfill and slope protection as may be
compatible. Line drilling will be employed in areas of critical excava-
tion, not so much for line drilling results, but as a method for best
possible preservation of side and foundation rock.

30. Hydraulic pressure test data and rock cores from exploratory
borings reveal that grouting, particularly of the top 10 to 20 feet of
rock, will be necessary to aid in the control of seepage and reduction
of uplift. ' A grout curtain will be constructed beneath the weir and
throughout the full length of the cut-off where made to the rock surface.
Need for area grouting in the cut-off trench will be governed by re-
sults of initial grouting and the condition of rock as exposed, with con-
sideration to seepage control in the embankment design. |

3l. Normal rock excavations are expected to produce generally
sound, well-graded material of suitable size and shape for use in rock
fill and as slope protection. Machine cleaning of rock surfaces to be ex-
cavated will be required in order to reduce contamination of blasted rock.

9
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